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SUMMARY This overview highlights the risk of skin diseases arising 
in workers exposed to ultraviolet radiation (UVR) at their workplace. 
There is a plethora of skin manifestations in outdoor workers such 
as seamen, fishermen, farmers after acute intense or long-term 
exposure to solar UVR, but some cutaneous diseases may also 
develop in indoor workers exposed to artificial sources. In recent 
years, investigations of the biological effects and damage caused 
by UVB and UVA on the skin have improved our understanding of 
the cellular and molecular mechanisms of photoaging, skin cancer 
and other skin diseases caused by UVR exposure. The necessity of 
primary prevention in workers exposed to UVR is emphasized. 
KeY woRdS: ultraviolet radiation, outdoor work, indoor work
INTRodUCTIoN
Ultraviolet radiation (UVR) is a form of non-
ionizing rays as part of the broad electromagnetic 
spectrum. UVR has greatest energy of all types of 
optical radiation, and these rays can be reflected, 
scattered, transmitted or absorbed. These rays 
can be subdivided into three main bands: 320-
400 nm band designated as UVA or long-wave, 
290-320 nm band designated as UVB or medium 
wave, and 200-290 nm band designated as UVC 
or short-wave (1,2). Wavelengths below 200 nm 
called vacuum UV are absorbed by the air, thus 
being of no biological significance. The energy of 
each part of the radiation is inversely related to 
the wavelength. UVR makes up approximately 
5% of all rays emitted from the sun to the earth, 
nevertheless, they have a large amount of energy 
and can affect the skin, eyes and immune system 
considerably (3,4).
UVB rays make about 5% of all UVR reach-
ing the earth as solar UVR of highest energy, and 
are mostly absorbed in the epidermis. Window 
glass filters out the major part of UVB. Biologi-
cally, they are most active in damaging the skin 
and eyes. UVB exposure provokes vasodilatation 
with erythema and inflammation, probably due to 
the release of mediators such as prostaglandins, 
histamine and cytokines, e.g., IL-1, IL-6 and IL-
8 (5,6). Causing damage to nuclear DNA, they 
are mutagenic, immunosuppressive, and can in-
duce premalignant lesions, non-melanoma skin 
cancer, and have also been suggested to play a 
role in causing melanoma. In the last decades, 
ozone depletion in the stratosphere has led to an 
increase in UVB at the ground level (7). UVA is 
the predominant component of solar UVR (about 
95%) that reaches the earth’s surface. The energy 
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of these rays is relatively small, but they are less 
affected by altitude and atmospheric conditions, 
can penetrate deeply into the skin, and can cross 
window glass and fabrics. They cause quick tan-
ning and premature skin aging, and are involved 
in phototoxic and photoallergic reactions. Today, it 
is confirmed that these rays can also be carcino-
genic (5,7). 
Solar UVC rays are completely filtered out by 
the ozone layer in the stratosphere, 15-50 km 
above the sea level (7,8). Terrestrial UVC rays can 
cause erythema, are mutagenic and germicidal. 
Visible light can also cause photodermatoses, 
while infrared rays can contribute to chronic skin 
damage and aging from UVA rays (5). 
The effect of solar radiation or artificial UVR 
can be beneficial as in case of vitamin D3 pho-
tosynthesis, influencing our mood maybe by af-
fecting the endogenous opioid system, and in the 
treatment of diseases, or can cause unwanted 
and deleterious effects such as skin diseases, 
eye diseases (keratoconjunctivitis, cataract, pin-
guecula, pterygium and tumors), and local and 
systemic immunosuppression (9,10). So, intense 
acute or chronic exposure to UVR of solar origin or 
from artificial sources may overcome the natural 
cutaneous photoprotection mechanisms (stratum 
corneum, melanin, urocanic acid, antioxidants, 
DNA repair) and cause occupational skin diseases 
(7,9,10). We therefore thought it worthwhile to give 
a survey of occupational skin diseases caused by 
exposure to solar or artificial UVR in outdoor or 
indoor workers. 
SKIN dISeASeS dUe To SoLAR eXPo-
SURe 
Occupational health risks like environmental 
hazards can be physical, chemical, biological and 
psychosocial. Among physical ones, the most im-
portant is UVR exposure, and the biological effects 
depend on the quality (spectrum) and intensity of 
exposure (8). Despite their biological differences, 
both UVB and UVA can cause occupational skin 
diseases. Acute or chronic exposure to solar UVR 
is of significance in outdoor workers, and exposure 
to UVR from a wide variety of artificial sources in 
indoor workers (9). The UVB and UVA radiation 
can cause skin alterations alone, act synergisti-
cally or in combination with endogenous or exog-
enous substances (11). Some occupational skin 
diseases are of minor medical significance, e.g., 
pigmentations, telangiectasias or other stigmata, 
which do not affect working capacity, whereas oth-
ers may cause major trouble and concern (11).
The quantity of solar UVR that reaches the 
earth depends on the season, time of the day, 
latitude, altitude, surface reflection, ozone layer, 
and cloud cover (7). It is estimated that 5% to 10% 
of the population in Europe are working outdoor 
(12). Occupational photodermatoses occur mostly 
in outdoor workers with fair complexion, i.e. with 
phototype I and II according to Fitzpatrick (13). 
Exposure to solar UVR in workers engaged in 
outdoor work characteristically provokes lesions 
in sun exposed areas: face, neck, décolletage, 
and extensor surface of the upper limbs, partic-
ularly forearms, and hands (14,15). Both acute 
and chronic effects of exposure to solar UVR are 
linked to DNA damage. Already 0.1-0.3 MED can 
activate p53 and p21, and cause immunosuppres-
sion and apoptosis of keratinocytes, i.e. sunburn 
cells (3). Acute exposure to sunlight causes sun-
burn, immediate and delayed tanning, immune 
alteration, and participates in phototoxic and pho-
toallergic reactions, whereas chronic exposure 
causes actinic keratoses, actinic cheilitis, immu-
nosuppression, premature aging of the skin, and 
malignant tumors of the skin such as basal cell 
cancer, keratoacanthoma, squamous cell cancer, 
melanoma, and probably Merkel cell carcinoma 
(16). Some workers exposed to UVR can rarely 
develop diseases such as solar urticaria or poly-
morphous light eruption. 
Photoaging (premature skin aging or extrinsic 
aging) and skin cancer are steadily increasing in 
the population. This is so because people live lon-
ger and due to depletion of the ozone layer in the 
stratosphere caused by the use of chlorofluoro-
carbons. Photoaging is characterized by the de-
velopment of xerosis, coarseness, wrinkling, deep 
furrows, yellow discoloration (actinic elastosis), 
irregular pigmentation (actinic lentigo, guttate hy-
pomelanosis), senile purpura, and telangiectasias 
in the sun exposed areas (17,18). The described 
changes (dermatoheliosis) are caused by cumula-
tive exposure to UVR, particularly UVA. UVA in-
duces the formation of reactive oxygen species 
(ROS) like singlet oxygen, hydrogen peroxide, hy-
droxyl radical and others, and so indirectly damag-
es DNA. ROS also cause lipid peroxidation. UVA 
causes changes not only in the epidermis (pig-
mentation) but even in the dermis (degeneration 
of collagen and elastic fibers). Studies in animals 
and humans have shown that exposure of the skin 
to UVR provokes activation of transcription factors 
(AP-1, NF-kB), which results in an increase of ma-
trix metalloproteinases (MMPs) produced by kera-
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tinocytes and fibroblasts, like collagenase (MMP-
1), gelatinase (MMP-9) and stromelysin (MMP-3) 
(18,19). Recent in vitro and in vivo studies have 
demonstrated that UVR induces ROS, which also 
damage mitochondrial DNA. It is known that mito-
chondrial DNA has a reduced repair capacity, and 
so alteration in the mitochondria may contribute to 
photoaging (20). 
Colloid pseudomilium, poikiloderma of Civatte, 
and Favre-Racouchot syndrome characterized by 
the presence of brown-black papules and open 
comedones in periorbital region may also develop 
occasionally in workers exposed to sunlight, most-
ly in men. So, Cellini and Offidani found dermato-
sis in 2.5% of agricultural workers but not in the 
control group (21).    
Frequently, photoaging, actinic keratoses and 
skin cancers can be observed in outdoor workers 
such as seamen, fishermen, farmers, asphalters, 
roofers, horticultural workers, construction work-
ers, and others (8,9) (see Table 1). In some profes-
sions such as fishermen and seamen the quantity 
of UVR reaching the skin is increased not only by 
direct exposure to solar UVR but also by the rays 
reflected (5%-20%) from the sea (15). In addition, 
some reports point to the importance of sun expo-
sure as a health risk in professional cyclists, moun-
tain guides and policemen (22,23). So, Moehrle 
et al. demonstrated in mountain guides carrying 
dosimeters that the daily dose of UV exceeded the 
limits sixfold or more, which is suggestive of an 
increased risk of skin tumors (23). Recent stud-
ies in gardeners demonstrated the dose of UVR 
received to depend not only on sun exposure but 
also on the time of the day, possible shade during 
the work, and clothing habits (24). 
Outdoor workers can develop photodamage 
by contact with plants, coal tar derivatives, drugs, 
dyes and exposure to sunlight; these interactions 
are phototoxic and cause photoallergic reactions. 
Phototoxic reactions (phytophotodermatitis) are 
more common and occur without involvement of 
immune mechanisms (11,25). They are mostly 
caused by contact with plants that contain pho-
tosensitizers such as furocoumarins. Furocou-
marins are tricyclic compounds that plants syn-
thesize in defense from fungi, and can be linear 
(psoralens) or angular (angelicin and pimpinellin). 
Their photoactivation leads to the formation of ad-
ducts with pyrimidine bases and consequential 
DNA damage and cross strand links. This leads 
to erythema, vesiculobullous lesions, burning, and 
can occur in farmers, florists, gardeners, horticul-
turists, botanists, grocery store workers, food han-
dlers, and others (26). Most of the plants causing 
phototoxic reactions belong to the family Umbel-
liferae (Apiaceae) like celery (Apium graveolens), 
parsnip (Pastinaca sativa), parsley (Petroselinum 
crispum), false bishop’s weed (Ammi majus), cow 
parsnip (Heracleum sphondylium) that causes 
trimmer dermatitis, and angelica (27-29). Plants 
of other families can also cause phytophotoder-
matitis, e.g., figs (Ficus carica), garden rue (Ruta 
graveolens), and others (30). It is important to 
differentiate this reaction from pseudophytopho-
todermatitis caused by contact with plant insecti-
cides and herbicides (31). In workers, the use of 
certain drugs (sulphonamides, antidiabetics, thia-
Table 1. Outdoor workers potentially exposed to UV radiation
   
Fishermen                                                      Farmers  
Seamen                                                           Gardeners
Watermen                                                      Green-keepers
Lifeguards                                                      Horticultural workers
Construction workers                                     Oilfield workers
Road workers                                                  Pipeline workers     
Brick masons                                                  Military personnel
Postal carriers                                                 Ski instructors
Railroad track workers                                  Professional cyclists
Policemen                                                       Surfers   
Outdoor maintenance workers                        Landscapers
Modified from Epstein JH et al. Occupational skin cancer. In: Adams RM, ed. Occupational skin diseases, 
3rd ed. Philadelphia: Saunders; 1998.
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zides, nonsteroidal anti-inflammatory drugs, phen-
otiazines) or contact with oils and tars can also 
induce sensitization to solar UVR (11,32). Photo-
toxic and photoallergic dermatitis can be induced 
by airborne allergens and irritant substances in 
the form of solid particles, gases or droplets (33).
Sun exposure probably also causes chronic 
actinic dermatitis (actinic reticuloid), which devel-
ops mostly on the face in older men working out-
door while photoprotected sites as upper eyelids, 
submental region and behind the ears are spared 
(34). Exposure to sunlight in workers can also 
worsen a pre-existing skin disease such as lupus 
erythematosus, dermatomyositis, pityriasis rubra 
pilaris, Darier’s disease and rosacea (35).
INdooR woRK ANd PHoTodAMAGe 
There are numerous sources that emit different 
types of UVR, which are used for a wide range 
of application at workplace. The potential risk of 
indoor exposure to UVR is very high in welders, 
depending on the material being welded, and 
particularly when using electric arc welding. The 
risk is diminished in workers using oxyacetylene 
welding, laser welding, and electron beam welding 
(36-38). In electric arc welding temperature can be 
very high (2000 °C and more), and according to 
Wien's law the radiation peaks to short waves if 
temperature increases.   
Non-welders in the vicinity of welding are also 
exposed to high doses of UVR (39). The effects of 
welding on the skin include erythema, small scars 
and keratoconjunctivitis on the eyes (arc eye); 
some studies have demonstrated an increase of 
eye cancer and melanoma in welders (40). In our 
region as in other maritime regions welding can 
pose a problem in ship building industry (41). 
Sometimes welding is also used by mechanics, 
electricians, sculptors, and others, who are not 
aware of all problems associated with this process 
and so can be injured by UVR.  
UVR is used in sterilization of operating rooms, 
dermatologists use it in diagnosing and treatment 
of numerous skin diseases, and pediatricians use 
phototherapy for neonatal hyperbilirubinemia. 
UVR is used in lighting offices too. Indoor UVR 
can cause lesions in dentists who use UVA for po-
lymerization of resins (42,43). UVR is used for cur-
ing of printing inks, curing of paints, curing of met-
al decorating in packaging industry, inspection of 
printed circuit board in electronics industry, and by 
the staff of tanning pools (42) (Table 2). UVR lamps 
and transilluminators are used by many research 
laboratories for studies of photobiology (animal 
experiments), in photochemistry, genetics (visual-
ization of DNA and RNA) and molecular biology 
(visualization of subcellular structures), where re-
searchers or students are engaged (44,45). UVR 
is used for identification of substances, analytical 
and diagnostic processes, or for polymerization of 
chemicals in biochemical laboratories. In microbi-
ological laboratories UVC rays (germicidal lamps 
with a peak around 260 nm) are employed for 
sterilization of surfaces, liquids and spaces (42). 
Similar lamps are used to kill fly (electric fly kill-
ers) and for disinfection of water, milk, wine, beer, 
juices, and pools. Recently, 26 medical students 
suffered skin and eye injuries due to exposure to 
a malfunctioning germicidal lamp (46). From the 
above one can conclude that there is a necessity 
to prevent UVR exposure in workers.     
Although numerous skin diseases can occur in 
workers exposed to UVR during outdoor or indoor 
work, as described above, the primary long-term 
risk of exposure to solar or artificial UV light, par-
ticularly in fair-skinned  people (melanocompro-
Table 2. Indoor workers potentially exposed to UV radiation
Welders                                                           Printers
Physicians                                                      Lithographes
Nurses                                                            Painters  
Dentists                                                          Wood curers
Cosmetologists                                               Plastic workers
Laboratory workers                                        Food irradiation
Plasma torch operators                                  Kitchen workers
Maintenance workers                                    Pipecutters
Modified from Epstein JH et al. Occupational skin cancer. In: Adams RM, ed. Occupational skin diseases, 
3rd ed. Philadelphia: Saunders, 1998.
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mised, types I and II according to Fitzpatrick), is 
the development  of precancerous lesions, non-
melanoma skin cancer and melanoma. As early 
as 1894, Unna described degenerative changes 
in the epidermis and dermis, found in the sun 
exposed area of the skin in seamen, and linked 
these alterations with the development of cancer 
(47). In the same year, Enziere described cancer 
of the lower lip in peasants working outdoor, while 
being rare among town people (48). In 1928, Find-
lay first proved experimentally the development 
of skin cancer in mice irradiated with UVR from 
mercury arc (49). It was confirmed by the Argen-
tinian Roffo, who demonstrated that sunlight and 
UVR from artificial sources can induce skin cancer 
in rodents. He also demonstrated that the major 
carcinogen was UVB (50,51). Later investigations 
demonstrated that UVR induced mutation of the 
genetic material, i.e. DNA, directly on pyrimidine 
bases (thymine and cytosine) in particular forming 
photoproducts that led to C-T or CC-TT transitions 
(52), or indirectly by ROS, i.e. oxidation of the pu-
rine guanine (53). Most of these DNA damages 
are quickly enzymatically corrected (nucleotide 
excision repair). These "signature mutations" are 
present particularly in the suppressor genes such 
as p53 or PTCH. If not corrected, their protein 
product cannot control cell cycle properly, thus fa-
voring cell growth, proliferation and survival. More 
recently, Kripke and Fisher (54) and Kripke and 
Morison (55) demonstrated experimentally that 
UV irradiation of rodents significantly depressed 
their immune defense, thus allowing for carcino-
genesis. These studies confirmed the clinical and 
epidemiological data that skin cancer develops af-
ter intensive and prolonged exposure to UVR, and 
permitted better understanding of the cellular and 
molecular mechanisms in photocarcinogenesis.  
Numerous epidemiological, clinical, and exper-
imental studies assessed the importance of UVR 
exposure in the development of skin cancers and 
melanoma (56-58). Basal cell cancer seems to be 
connected with cumulative sun exposure and also 
to intermittent exposure (on the trunk), while the 
more aggressive squamous cell carcinoma cor-
relates better with lifelong cumulative exposure. 
Melanoma seems to be associated with intense 
episodic, intermittent UVR exposure (56). Epide-
miological studies from Australia and USA suggest 
the relevance of outdoor work for the development 
of basalioma, squamous skin cancer and melano-
ma, and most of the workers also have evidence 
of chronic actinic damage (56,59,60). Data from 
Europe are variable; so, Cherry et al. found in UK 
that 96% of skin cancers were caused by UV ex-
posure, so that outdoor work represents an impor-
tant factor in the development of skin tumors (61), 
whereas in Finland and Sweden there was no as-
sociation of outdoor work in agricultural workers, 
forestry workers and construction workers with 
increased skin cancers (62,63). An explanation 
could be that in these countries cumulative expo-
sure is low because of the high latitude. Different 
health systems and legislation across European 
countries may also make the data difficult to com-
pare (12). Data from Japan also show that cancer 
is increased in outdoor workers (64). 
Jakac, a pioneer in the study of professional 
skin diseases in Croatia, clearly demonstrated the 
relevance of solar exposure in the development 
of skin cancer in sailors and fishermen, but also 
in construction workers, agricultural workers, and 
shipworkers. On their skin, he often observed cu-
tis nautae and cutis agricolae on their skin, which 
are not atrophia cutis senilis but degeneratio cutis 
climatica according to Kogoj (65). His study on the 
epidemiology of skin cancer in Rijeka region from 
1955 to 1959 showed that nearly 90% of male 
patients were outdoor workers, mostly fishermen 
and sailors (32.9%), then farmers (29.2%), dock 
workers (9.6%), building and construction work-
ers (9.3%) and other outdoor workers (7.5%). In 
women, skin cancer developed most frequently in 
peasants (34.4%) and housewives working in their 
vegetable gardens (23.1%). He had also found 
that cancer mostly developed in fair skinned work-
ers, and proposed skin cancer as a professional 
disease (15,66,67). In more recent years, the 
prevalence of skin cancer in fishermen and sailors 
is dropping (68,69); these recent data are proba-
bly associated with the lower number of workers in 
these professions, and their later engagement in 
this kind of work. Fishermen now work mostly dur-
ing the night, do not use tars to impregnate their 
nets, and perhaps use sunscreens. The high rate 
of skin cancer in housewives can be explained by 
the fact that women frequently work outdoor in 
their vegetable gardens or truck farms. Particular 
caution is needed in workers treated with immuno-
suppressive drugs because they are at a high risk 
of cancer development (70).
In conclusion, UVR exposure at workplace can 
induce numerous different skin diseases and also 
leads to precancerous lesions and malignant tu-
mors. It is not easy to obtain verification that skin 
cancer is occupational because there is a long pe-
riod between the exposure and its development, 
and sometimes because the individuals had previ-
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ously worked in a tropical country (12). For this 
reason, it is of paramount importance to recom-
mend effective primary prevention measures like 
legislation measures, education of the workers to 
undertake appropriate protection measures, wear-
ing appropriate protective clothing, broad brimmed 
hats, eye protectors, and seek to work in shade. 
The use of sunscreens may pose a problem be-
cause they frequently are not used appropriately 
and sometimes can prolong the exposure.  
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